In two experiments measurements were made of food intake, live-weight change, milk yield and milk composition in early lactation when dairy cows were given diets containing varying proportions of protein as fish meal (low rumen degradability) or as groundnut meal (high rumen degradability). In a preliminary trial measurements were also made with cows given supplements of either fish meal or barley and fed at a restricted level of feeding.
New methods of estimating protein requirements for ruminants make it clear that the need for a source of protein which is relatively undegradable in the rumen increases with increasing milk yield Roy et al. 1977; Kaufman, 1979 ; Oldham t Sutton, 1979; Swan, 1979) . Whereas dairy cattle may have considerable reserves of body fat which can be mobilized in early lactation to meet deficits in energy supply (Flatt et al. 1967) , it is generally considered that, relatively, very limited amounts of body protein can be drawn upon when dietary protein supply is inadequate. Both for ewes (Robinson et al. 1974 ) and for cows it has been shown that a higher dietary protein concentration is required when animals are in negative energy balance and that additional protein appears to facilitate greater mobilization of body fat. In the experiment reported by Orskov et al. (1977) , Friesian cows in early lactation were given amounts of food sufficient to provide for a daily yield of only 10 kg fatcorrected milk (FCM) , and were given post-ruminal infusions of casein or glucose. Glucose appeared to have no effect but casein infusion increased FCM yield by 7 kg/d, which in turn increased the calculated deficit ofmetabolizable energy (ME) from 20 to 40 MJ/d.
The need to achieve a high peak-milk yield, in order to make possible a high whole-lactation yield, has been well documented (Broster, 1972) , and is a further argument for the importance of dietary protein quality in early lactation. A series of three experiments has been carried out with dairy cattle during the first weeks of lactation to compare the effects of diets containing proteins of either high or low rumen degradability on milk yield and body-weight change, In the last two experiments the diets were completely mixed and were given ad lib., while in the first experiment intakes were restricted. E. R. B R S K O V , G . w. REID A N D I. MCDONALD Table 1 shows the ingredients of the four diets, together with the average N and ADF contents. The ingredients were mixed as complete diets as described for Expt 2.
Management. This was similar to Expt 2, but the experiment extended to 12 weeks after calving. For 8 d at the end of the experiment faeces were collected from three cows on each treatment, and digestibility was determined.
RESULTS

Expt 1.
Mean values for milk yield, milk composition, and dry matter intake over weeks 1-6 of lactation are given for both dietary treatments in Table 2 . The provision of additional undegradable protein by substituting fish meal for barley did not significantly affect milk yield but the yield of FCM was increased (P < 0.05) due to the higher fat content (P c 0.05). The concentrations of protein (P < 0.001) and of solids (P < 0.01) in milk were also significantly higher on the fish meal diet. Treatment of individual cows for acetonemia (1 5 mg betametasone) was necessary on several occasions with accompanying but temporary reductions in food intake. The number of occasionsdivided by the number ofcows amounted to 0*8/cow for both treatments.
Expt 2. The cows achieved high food intakes very rapidly after calving and completed the experiment in good health, treatment for acetonemia being required on only two cows during the whole experiment. The ME content of the diets was estimated to be 11-3 MJ/kg dry matter, based on the digestibilities measured in Expt 3 and assuming a digestible energy (DE):digestible organic matter (DOM) value of 19 MJ/kg and ME:DE of 0.89 reported by Flatt et al.
(1 967) for Friesian cows in early lactation given diets similar to those used here. There were no statistically significant treatment differences in the mean ME intakes, which are given in Table 3 , together with mean ME deficits obtained by calculating the difference between ME intakes and calculated ME requirements for zero energy balance. The calculation was based on the assumption that daily maintenance requirement was 0.51 W0'75 (MJ) for a cow of live weight W (kg), that the energy value of FCM was 3-18 MJ/kg (Gaines & Overman, 1938) , and that 1.55 MJ of ME was required per MJ secreted in milk. The ME deficits decreased from week 1-3 to week 3-6 of lactation and the differences between treatments were not significant.
The mean milk yields (Table 3) increased from weeks 1-3 to weeks 4-6. There were no significant treatment differences in the yields, nor in the contents of N, fat and solids, which are also given in Table 3 for weeks 1-3 and for weeks 4-6.
Expt 3. The incidence of treatment for suspected acetonemia was low on the highconcentrate diets HG and HF, for which the frequency was only 0.1 per cow, but it was greater on the lowconcentrate diets with frequencies of 0.4 and 0.8 per cow on diets LG and LF respectively. From the mean DOM values (Table l) , and making the same assumptions as for Expt 2, the ME concentrations for diets HG, HF, LG and LF were calculated to be 11.0, 10-8, 10.4 and 10-3 MJ/kg respectively. From the values for ME intake in Table 4 it can be seen that there were substantial differences between the H and L diets; there were no systematic differences in intake according to protein source but the cows on diet HF achieved the highest intakes during the latter part of the experiment. The ME requirements were calculated from live weights and FCM yields each week, using the same factors as for Expt 2, and were subtracted from the ME intakes to give the ME excesses or deficits which are summarized in Table 4 . At the start of lactation there were substantial deficits on all four diets. These decreased from week to week and were greater for the lowconcentrate diets than for the highconcentrate diets. The cows on diet HF were eating in excess of their estimated requirements by week 10, but on diet HG were still in slight deficit on week 12. The differences between the H and L diets in ME intake and deficits were statistically significant in all periods, but the differences between the fish meal and the groundnut diets were not significant. The weekly yields of FCM plotted in Fig. 1 show that there were no systematic differences between diets H F and HG, but that the cows on diet LF gave consistently greater yields than those on LG. It can be seen that peak yields were achieved at approximately week 4 of lactation on the H diets but on the L diets yield tended to decrease beyond the 2nd week. From the statistical analysis of the yields of milk and of FCM over three periods it can be Seen ( Table 5 ) that the H v. L comparison was significant (P < 0.001) in all periods, and that the differences in yield between diets HF and HG were nowhere significant. The differences in yield between diets LF and LG attained statistical significance (P < 0.05) during weeks 9-12. This difference was not attributed to the slightly higher incidence of ketosis on treatment LF. Mean values for milk composition, over the same three periods, are pven in Table 6 and show only small dietary effects. Fat content was higher for the low-concentrate diets than for the high-concentrate diets (P < 0.05) and N content was higher with diet HF than diet HG or the low-concentrate diets (P < 0.05).
The mean live-weight losses of the cows during the 12 weeks have been plotted in Fig.  2 . They are greatest for the cows on diet LF and least for those on diet HF, in line with the calculated ME deficits.
The rate of outflow of small particles from the rumen of dairy cows is yet to be determined but from determinations of rumen degradation rate of the groundnut and fish meal used here, made on samples incubated in bags in the rumen of sheep, it was calculated that at a fractional hourly outflow rate of 0.04 the effective degradabilities would be 0.22 and 0.78 while at an outflow rate of 0.08 they would be 0.22 and 0.64 for the fish meal and groundnut meal respectively. The calculations of effective degradability were made as described by Orskov & McDonald (1979) . This effect of flow rate is important since higher intakes also result in higher outflow rates. It follows that when food intake is high, to match milk production, the degradability of some protein supplements may be reduced, thus compensating for the high value for net protein: net energy requirement.
Live-weight loss and mdeficit. Alhough live-weight measurements are not considered to provide an accurate measure of the energy status of dairy cows, the series of weekly mean live weights shown in Fig. 2 appears to be reasonably consistent with the corresponding calculated mean ME deficits. This may be due in part to greater stability of gut content with complete-diet feeding. Assuming that body tissue was used for milk synthesis with a conversion efficiency of 0.82 (Moe et al. 1970) , which is higher than the value assumed for ME, the estimates of ME deficit can be converted to estimates of body tissue mobilization. Over weeks 2-12 of lactation inclusively, the cows on diets HG, HF, LG and LF lost totals of 1721, 1285, 2643 and 3230 MJ/cow respectively, which would suggest energy values of 26, 48, 41 and 42 MJ/kg for the corresponding live-weight losses. Values in excess of 39 MJ/kg are of course only possible if losses of fat are partly compensated for by gains in body water, but this is not at all unlikely.
The highest value was that for the HF diet, which must have provided an excess of protein in view of the degradability values and the similarity in milk yield between diets HF and HG. It is possible that on the HF diet the cows were gaining in tissue protein and accompanying water to a greater extent than on the other diets, even while they were still losing fat. The absolute values are of course dependent on the accuracy of the estimates of ME requirement.
Efsects on milk composition. Both milk fat and milk protein concentrations were found to increase in response to post-ruminal influsion of protein (Orskov el al. 1977 ). Other workers have reported similar observations (Derrig et al. 1974) . The effects of protein sources in the present experiments were less clear-cut and cannot provide support for the earlier results.
